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Abstract of EP0275320 

A rotor has a core which consists of layers of disc 



elements of two different types. A disc element of 
a first type has a number of open slots around 
the circumference whilst the second type (14) 
has a suitable combination of open slots (12) and 
closed slots (10), where electric conducting 
material (16) is inserted. In the case of a four- 
pole induction motor, each of the four sections 
(51,52,53,54) has an identical arrangement of 
open and closed slots. The disc elements are 
layered in such a way that each slot has suitably 
located openings and closings along the rotation 
axis (20). 
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@ STRUCTURE OF A SQUIRREL-CAGE ROTOR. 

© A structure of a squirrel-cage rotor used for high-output 
induction motors, wherein slots of the squirrel-cage rotor are 
constituted by a suitable combination of open slots and dosed 
slots, so that good electric conductors (16) in the slots will not 
protrude beyond the slots with centrifugal force under the 
high-speed running conditions and that the magnetic flux is 
scarcely permitted to leak. 
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DESCRIPTION 

TITLE OP THE INVENTION 
Structure of Squirrel Cage Rotor 
TECHNICAL FIELD 

The present invention relates to a structure of a 
5 * rotor of an induction motor, more particularly, to a 
structure of a squirrel cage rotor for high velocity 
revolution. 

BACKGROUND ART 

High frequency waves have been attained by the 

10 development of recent inverter techniques, and thus an 
induction motor, more particularly, an induction motor 
having a squirrel cage rotor, is now able to rotate at a 
high velocity. Electrical conductors having a high 
conductivity are inserted or molded into slots of the 

15 squirrel cage rotor. These slots are usually open at 

the outer surface of the rotor. The rotor core consists 
of electromagnetic steel plates, for example, silicon 
steel plates. This is because, if the slots are closed 
by the steel plates, part of magnetic flux generated in 

20 the stator leaks therethrough, and thus the magnetic 

flux crossing the electrical conductors is decreased to 
reduce the output power of the motor. 

However, the above electrical conductors are 
projected outside of the rotor by being moved or deformed 

25 outwards by the centrifugal force generated at a high 
revolution speed of the rotor. When this projection 
moves beyond the outer surface of the rotor, the electri- 
cal conductors come into contact with the stator core 
and may be damaged. 

30 DISCLOSURE OF THE INVENTION 

In order to solve the above-mentioned problem, an 
object of the present invention is to provide a squirrel 
cage rotor having a structure which consists of a 
mixture of open type slots and closed type slots to 

35 prevent the electrical conductors from being projected 
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out of slots by the centrifugal force generated at a 
high revolution speed of the rotor, and which greatly 
reduces the amount of leakage of the magnetic flux and 
thus ensures a high output power of the motor. 
5 Considering the above mentioned object, the present 

invention provides a structure of a squirrel cage rotor 
of an induction motor having a rotor core constructed by 
superposing a plurality of element plates having slot 
element bores at the periphery thereof, characterised in 

10 that each slot formed by superposing said element plates 
so as to align each slot element bore, is closed at 
appropriate positions in a direction of a rotational 
central axis of said squirrel cage rotor. According to 
the above mentioned invention, a squirrel cage rotor can 

15 be provided wherein each bar constructing the squirrel 
cage and disposed in the slot of the rotor is not 
projected out by the centrifugal force generated by the 
high revolution speed of the rotor and a reduced leakage 
of the magnetic flux can be obtained. . 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross sectional view, taken along 
line I-I of Fig. 2, showing a section of a squirrel cage 
rotor according to the present invention; 

Fig. 2 is a longitudinal sectional view of the same 

25 rotor? and 

Fig. 3 is a partial enlarged view taken along an 
arrow A. 

BEST MODE FOR CARRYING OUT THE INVENTION 
The present invention is described in more detail 
30 in the following in accordance with the embodiments 
shown in the attached drawings. 

Referring to Fig. 1, slots for electrical conductors 
to be inserted or disposed therein are formed at the 
periphery of a rotor core 14 constructed by superposing 
35 annular silicon steel element plates into the form of a 
rotor. Two kinds of element plates are prepared for one 
embodiment according to the present invention. The 
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first of these two kinds is an element plate formed in 
such a manner that all the slot element bores for 
forming the slots by superposing the element plates are 
opened outwardly. The second is an element plate 
5 (Fig, 1) formed in such a manner that the group of slot 
element bores thereof consists of two kinds of slot 
element bores , one of which is the same opeft type slot 
element bore 12 as the aforesaid element bore, and the 
other is the closed type slot element bore 10 which is 

10 closed at the periphery of the element plate. A four- 
poles type induction motor is considered in this embodi- 
ment. Each of the element plates to be superposed is 
formed so as to comprise four axes of rotational 
symmetry from the viewpoint of torque balance. That is, 

15 the open type slot element bore 12 and the closed type 
slot element bore 10 are not disposed arbitrarily. The 
arrangement of all the slot element bores 10 and 12 of 
the second element plate is made by four unitary arrange- 
ments each of which is an arrangement of the slot 

20 element bores 10 and 12 in one quarter sectional portion 
of the element plate. This means that the unitary 
arrangement of the slot element bores 10 and 12 in each 
of four 90-degrees-sectional portions SI, S2, S3, and S4 
shown in Fig. 1 is the same as the other. The above 

25 mentioned two kinds of element plates are superposed in 
such a manner that each slot arranged in parallel with 
the central axis 20 of rotation is closed at appropriate 
positions of the outer surface of the rotor, each of 
which positions is in the direction of the central 

30 axis 20 of rotation. The squirrel cage rotor is made by 
molding an electrical conductor 16 such as aluminium 
into each slot. 

Now referring to Fig. 2 and Fig. 3, the structure 
of the rotor is explained along the direction in parallel 

35 with the central axis 20 of rotation. The electrical 

conductors 16a, 16b in Fig. 2 correspond to the electri- 
cal conductors 16a, 16b in Fig. 1. Referring to Fig. 1 
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showing the cross sectional view taken along line I-I 
of Fig. 2, the electrical conductors 16a f 16b are molded 
in the open type slot element bores 12. At the right 
position of the line I-I in Fig. 2, the electrical 
conductors 16a, 16b are covered with the outer closing 
portions 24 having the length 11 along the direction 
in parallel with the central axis 20 of rotation on 
the rotor core 14. At the right of the position, the 
electrical conductors 16a, 16b are again exposed 
through the outer opening portions 22 having the 
length 12 on the rotor core 14. That is, the electrical 
conductors 16a, 16b are molded in the slots, each of 
which is formed by arranging a group having the length 11 
of the closed type slot element bores 10 and a group 
having the length 12 of the open type slot element 
bores 12 alternately along the direction in parallel 
with the central axis 20 of rotation. Hereinafter, the 
group of the closed type slot element bores 10 is called 
a closed type slot, and the group of the open type slot 
element bores 12 is called an open type slot. Other 
electrical conductors are also molded in other slots 
formed by arranging the closed type slot and the open 
type slot alternately. Each left or right hand end of 
each electrical conductor is connected respectively by 
an end plate 18 or 18 1 , which is separated from the 
other in the direction of the central axis 20 of 
rotation. 

The closing portion 24 on the outer surface of the 
rotor core 14, which forms the closed type slot, is 
formed in order to prevent an electrical conductor 16 
having a low mechanical strength, such as aluminium, 
from being deformed or displaced by the centrifugal 
force generated by the revolution of the rotor. The 
closing .portion 24 is made out of steel and has a high 
mechanical strength, so the length £1 may be short. 
Further, a short total length of the closed type slots 
is desirable in view of preventing a leakage of magnetic 
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flux which should be crossed with the electrical con- 
ductors, which magnetic flux is generated by the stator. 
And the closed type slots should be dispersed in the 
direction of the central axis 20 of rotor in order to 
5 suppress undesirable deformation of the electrical 

conductor by the centrifugal force. Consequently, the 
closed type slots having a short length 11 may be 
disposed at a few positions (five positions in this 
embodiment) in the direction of the central axis of 

10 rotation. 

As another embodiment, each element plate consists 
of one kind of steel plate which is made by arranging 
the open type slot element bore and the closed type slot 
element bore alternately. As the method for superposing 

15 the element plates, for example, an open type slot 

element bore of one element plate and a closed type slot 
element bore of another element plate adjacent to the 
former element plate, may be overlapped alternately. 
The structure of the rotor core constructed by only one 

20 kind of steel plate brings the advantage of low pro- 
duction costs of the rotor. 

As apparent from the foregoing description, 
according to the present invention, a structure of a 
squirrel cage rotor of an induction motor capable of 

25 enduring a high revolution speed and having a high 

output power can be provided, which structure can endure 
a centrifugal force as the core holds the electrical 
conductors firmly at positions of closed type slots, and 
greatly reduces the leakage of magnetic flux, as a 

30 region of closed type slots closing the electrical 

conductor firmly is formed so as to be a minimum area. 
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CLAIMS 

1. A structure of a squirrel cage rotor of an 
induction motor having a rotor core constructed by 
superposing a plurality of element plates having slot 
element bores at the periphery thereof , characterised in 
that each slot formed by superposing said element plates 
so as to align each slot element bore, is closed at 
appropriate positions in a direction of a rotational 
central axis of said squirrel cage rotor. 

2. A structure of a squirrel cage rotor according 
to claim 1 wherein said element plates of said rotor 
core constructing slots of said squirrel cage rotor 
consists of two kinds of steel plates, in one of which 
steel plates all slot element bores thereof are open 
type slot element bores, and in. the other of which steel 
plates all slot element bores thereof are of open type 
slot element bores and closed type slot element bores 
arranged so that the latter plate has the same number of 
axes of rotational symmetry as the pole number of the 
motor. 

3. A structure of a squirrel cage rotor according 
to claim 1 wherein said element plates of said rotor 
core constructing slots of said squirrel cage rotor 
consists of one kind of steel plate, said steel plate 
having slot element bores being of an open type slot 
element bore and a closed type slot element bore arranged 
alternately. 
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Table of Reference Numbers, Corresponding Items 

10 closed type slot element bore, 

12 open type slot element bore, 

14 rotor core, 

16 electrical conductor, 

18, 18 1 end plate, 

20 central axis of rotation, 

22 opening portion of rotor slot, 

24 closing portion of rotor slot, 

16a, 16b electrical conductor, 

11 length of closing portion of rotor 

slot, , 

12 length of opening portion of rotor 

slot, 

SI, S2, S3, S4 unitary 90-degrees-sectional 

portion of an element plate. 
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